Identification of essential histidine residues in 3-deoxy-D-manno-octulosonic acid 8-phosphate synthase: analysis by chemical modification with diethyl pyrocarbonate and site-directed mutagenesis.
The enzyme 3-deoxy-D-manno-octulosonic acid 8-phosphate (KDO 8-P) synthase from Escherichia coli that catalyzes the aldol-type condensation of D-arabinose 5-phosphate (A 5-P) and phosphoenolpyruvate (PEP) to give KDO 8-P and inorganic phosphate (P(i)) is inactivated by diethyl pyrocarbonate (DEPC). The inactivation is first-order in enzyme and DEPC. A second-order rate constant of 340 M(-1) min(-1) is obtained at pH 7.6 and 4 degrees C. The rate of inactivation is dependent on pH and the pH-inactivation rate data imply the involvement of an amino acid residue with a pK(a) value of 7.3. KDO 8-P synthase activity is not restored to the DEPC-inactivated enzyme following treatment with hydroxylamine. Complete loss of KDO 8-P synthase activity correlates with the ethoxyformylation of three histidine residues by DEPC. KDO 8-P synthase is protected against DEPC inactivation by PEP and partially protected against inactivation by A 5-P. To provide further evidence for the involvement or role of the histidine residues in the aldol-type condensation catalyzed by KDO 8-P synthase, all six histidines were individually mutated to either glycine or alanine. The kinetic constants for the three mutants H40A, H67G, and H246G were unaffected as compared to the wild type enzyme. In contrast, H241G demonstrates a >10-fold increase in K(M) for both PEP and A 5-P and a 4-fold reduction in k(cat), while H97G demonstrates an increase in K(M) for only A 5-P and a 2-fold reduction in k(cat). The activity of the H202G mutant was too low to be measured accurately but the data obtained indicated an approximate 400-fold reduction in k(cat). Circular dichroism measurements of the wild-type and mutant enzymes indicate modest structural changes in only the fully active H67G and H246G mutants. The H241G mutant is protected against DEPC inactivation by PEP and A 5-P to the same extent as the wild-type enzyme, suggesting that the functionally important H241 may not be located in the vicinity of the substrate binding sites. The H97G mutant is protected by PEP against DEPC inactivation to the same degree as the wild-type enzyme but is no longer protected by A 5-P. In the case of the H202G mutant, both A 5-P and PEP protect the mutant against DEPC inactivation but to different extents from those observed for the wild-type enzyme. The catalytic activity of the H97G mutant is partially restored (20% --> 60% of wild-type activity) in the presence of imidazole, while a minor amount of activity is restored to the H202G mutant (<1% --> 4% of wild-type activity) in the presence of imidazole.